ABSTRACT: Graphene exfoliation upon tip sonication in o--DCB was accomplished. Then, covalent grafting of (2--aminoethoxy)(tri--tert--butyl) zinc phthalocyanine (ZnPc), to exfoliated graphene sheets was achieved. The newly formed ZnPc--graphene hybrid material was found soluble in common organic solvents without any precipitation for several weeks. Application of diverse spectroscopic techniques verified the successful formation of ZnPc--graphene hybrid materi--al, while thermogravimetric analysis revealed the amount of ZnPc loading onto graphene. Microscopy analysis based on AFM and TEM was applied to probe the morphological characteristics and to investigate the exfoliation of graphene sheets. Efficient fluorescence quenching of ZnPc in the ZnPc--graphene hybrid material suggested that photoinduced events occur from the photoexcited ZnPc to exfoliated graphene. The dynamics of the photoinduced electron transfer was evaluated by femtosecond transient absorption spectroscopy, thus, revealing the formation of transient species such as ZnPc + yielding the charge--separated state ZnPc
INTRODUCTION
Graphene is an outstanding material, consisting of a two--dimensional (2D) single layer of sp 2 --hybridized car--bon atoms bonded together in a hexagonal "honeycomb" lattice and presents remarkable mechanical and thermal properties. 1, 2 Moreover, electrons can travel up to mi--crometers on graphene plane without being scattered off by defects sites, giving to graphene a remarkably high electrical conductivity. 3--7 These exceptional properties of graphene make it an ideal candidate in construction of transparent conducting electrodes that could be used in energy conversion and storage systems. 8, 9 Additionally, both sides of graphene's double--sided plane are free to participate in a great plethora of organic reactions offer--ing an alternative approach to the control of its electronic properties. 10, 11 Fabrication of graphene onto substrates requires exfo--liation in the form of single or even few layers as well as fine dispersion in common organic solvents, while at the same time the honeycomb lattice retains its integrity without breaking in small particles. In this context, the contribution of chemical exfoliation under mild condi--tions and the organic covalent functionalization is of great importance. In the field of exfoliation of graphite, a common strategy followed is through the use of mole--cules that are able to penetrate the graphite structure and overcome the strong Van der Waals interactions, support--ing the multiple graphene layers in graphite, thus leading to stable suspensions. pared and shown that photoillumination induces intrahy--brid charge--separation. However, none of those materials have been tested so far in energy conversion schemes as active components (i.e. photoanodes) in prototype devic--es. Actually, the only example in which a graphene--based hybrid material integrated as component in a photovolta--ic cell concerns a supramolecularly interacting zinc phthalocyanine--poly(p--phenylene vinylene) with gra--phene. 32 Therefore, it is absolutely timely to prepare new graphene--based materials and exploit them on the search for advancing the incident photo--to--current conversion efficiency (IPCE).
Phthalocyanines are aromatic macrocycles with a high electronic delocalization and an intense absorption in the red--near IR zone. They possess a great thermal and pho--tochemical stability and are very versatile, since it is pos--sible to change the central atom and to introduce substit--uents in the peripheral and axial positions, thus bringing the possibility to tune their physicochemical and optical properties. 33, 34 In addition to their applications as photo--sensitizers for photodynamic therapy, 35, 36 as liquid crys--tals, 37, 38 and in nonlinear optics, 39, 40 phthalocyanines have emerged with force in the field of photovoltaic devices. They have been used in bulk heterojunction organic solar cells 41--43 and particularly, in dye--sensitized solar cells (DSSCs), 44--46 as lower--cost and efficient red--absorbing substitutes for standard ruthenium polypyridyl dyes. Re--cently, there have been substantial increases in power conversion efficiencies in DSSCs using unsymmetrically substituted ''push-pull'' zinc phthalocyanines with bulky substituents. 47--50 Among them, phthalocyanines have been also covalently and non--covalently connected with different electron acceptor carbon nanostructures, 51 , 52 such as C 60 , 53--56 C 59 N,  57 carbon nanotubes,   58 perylenebisi--mides 59--66 and the photoinduced electron and/or energy transfer properties of these systems have been studied for their use as artificial photosynthetic systems and in or--ganic solar cells.
In the present work, we follow the direct nucleophilic addition 67, 68 of primary amines to carbon nanostructured materials for the covalent functionalization of chemically exfoliated graphene, as derived upon ultrasonication treatment with o--dichlorobenzene (o--DCB), with the cus--tom synthesized (2--aminoethoxy)(tri--tert--butyl) zinc phthalocyanine (ZnPc) 1 60, 62, 69 (Scheme 1) serving as light--driven electron donor. The aim of the current re--search is four--fold, namely (i) to succeed in the chemical exfoliation of graphene sheets, (ii) to covalently anchor ZnPc dye to exfoliated graphene, (iii) to assess the photo--physical properties of ZnPc--graphene hybrid material, and eventually (iv) to assemble and fabricate the gra--phene--based hybrid material as photoanode in a proto--type photoelectrochemical cell. The new graphene--based nanohybrid material 2, in which ZnPc is anchored to the graphitic network through a covalent bond, is rendered soluble in common organic solvents and characterized by complementary spectroscopic, thermal and microscopy techniques. Furthermore, photoinduced intrahybrid elec--tron transfer phenomena were investigated and signifi--cant photophysical parameters were evaluated. Most im--portantly, a prototype device was constructed by fabricat--ing the graphene--based hybrid material as photoanode in a photoelectrochemical cell and its efficiency and re--sponse were examined. Notably, in the current study both the presence of the short ethylene chain interconnecting ZnPc with the exfoliated graphene sheet allowing free rotation and flexibility of the photoactive unit as well as the zinc--metallated phthalocyanine itself eventually pro--moted strong electronic interactions between the two components of the hybrid material to register clearly an efficient photoconversion. 
EXPERIMENTAL SECTION
Steady--State Absorption Spectroscopy. The elec--tronic absorption spectra were recorded on a Perkin Elmer (Lambda 19) UV--Vis--NIR spectrophotometer.
Attenuated--Total--Reflectance Infrared Spectros--copy. Mid--infrared spectra in the region 550--4000 cm --1 were obtained on a Fourier Transform IR spectrometer (Equinox 55 from Bruker Optics) equipped with a single reflection diamond ATR accessory (DuraSamp1IR II by SensIR Technologies). A drop of the solution was placed on the diamond surface, followed by evaporation of the solvent, in a stream of nitrogen, before recording the spectrum. Typically, 100 scans were acquired at 4 cm --1 resolution.
Raman Spectroscopy. Micro--Raman scattering meas--urements were performed at room temperature in the backscattering geometry using a RENISHAW inVia Ra--man microscope equipped with a CCD camera and a Leica microscope. A 2400 lines mm --1 grating was used for all measurements, providing a spectral resolution of ± 1 cm
. As an excitation source the Ar + laser (514 nm with less than 0.5 mW laser power) was used. Measurements were taken with 60 seconds of exposure times at varying numbers of accumulations. The laser spot was focused on the sample surface using a long working distance 50x ob--jective. Raman spectra were collected on numerous spots on the sample and recorded with Peltier cooled CCD camera. The intensity ratio I D /I G was obtained by taking the peak intensities following any baseline corrections. The data were collected and analyzed with Renishaw Wire and Origin software.
TEM Analysis. TEM observations were carried out us--ing a JEM--2010F (JEOL) equipped with a CEOS post spec--imen spherical aberration corrector (Cs corrector) operat--ing at 120 kV. The ZnPc--graphene specimen was dis--persed in n--hexane and then fixed on a copper TEM grid coated with holey carbon film.
Atomic--Force Microscopy. Atomic force microscopy (AFM) measurements were performed in tapping mode with a Quesant Q--Scope 250 atomic force microscope (Quesant Instrument Co., USA) equipped with a 40 µm Dual PZT scanner. The images were obtained in ambient conditions with an NSC16 (W 2 CSi 3 N 4 ) silicon cantilever. Imaging was performed on different scanning areas at a maximum scanning rate of 6 Hz and with image resolu--tion 600 x 600 pixels in broadband mode. The micro--scope was enclosed in an acoustic/thermal isolation unit. For the measurement, a dispersion of 0.2 mg/mL in DMF of the sample was sonicated for 30 min and a few drops were dropcasted on a Si wafer surface. The Si wafer was dried at ambient conditions for 24 h, and directly exam--ined with the AFM instrument.
Photoluminescence Spectroscopy. Steady--state emission spectra were recorded on a Fluorolog--3 Jobin Yvon--Spex spectrofluorometer (model GL3--21).
Fluorescence Lifetime. Picosecond time resolved flu--orescence spectra were measured by time correlated sin--gle photon counting (TCSPC) method on a NanoLog spectrofluorometer (Horiba Jobin Yvon), using a laser diode as an excitation source (NanoLED, 376 nm, 100 ps pulse width) and by using a streakscope (Hamamatsu Photonics, C5680) as a detector and the laser light (Ha--mamatsu Photonics M10306, laser diode head, 408 nm) as an excitation source. Lifetimes were evaluated with the DAS6 Fluorescence--Decay Analysis Software.
Femtosecond Laser Flash Photolysis. Femtosecond transient absorption spectroscopy experiments were con--ducted using an ultrafast source: Integra--C (Quantronix Corp.), an optical parametric amplifier: TOPAS (Light Conversion Ltd.) and a commercially available optical detection system: Helios provided by Ultrafast Systems LLC. The source for the pump and probe pulses were de--rived from the fundamental output of Integra--C (λ = 786 nm, 2 mJ/pulse and fwhm = 130 fs) at a repetition rate of 1 kHz. 75% of the fundamental output of the laser was in--troduced into a second harmonic generation (SHG) unit: Apollo (Ultrafast Systems) for excitation light generation at λ = 393 nm, while the rest of the output was used for white light generation. The laser pulse was focused on a sapphire plate of 3 mm thickness and then white light continuum covering the visible region from λ = 410 nm to 800 nm was generated via self--phase modulation. A vari--able neutral density filter, an optical aperture, and a pair of polarizer were inserted in the path in order to generate stable white light continuum. Prior to generating the probe continuum, the laser pulse was fed to a delay line that provides an experimental time window of 3.2 ns with a maximum step resolution of 7 fs. In our experiments, a wavelength at λ = 393 nm of SHG output was irradiated at the sample cell with a spot size of 1 mm diameter where it was merged with the white probe pulse in a close angle (< 10°). The probe beam after passing through the 2 mm sample cell was focused on a fiber optic cable that was connected to a CMOS spectrograph for recording the time--resolved spectra (λ = 410 -- 1600 nm). Typically, 1500 excitation pulses were averaged for 3 seconds to obtain the transient spectrum at a set delay time. Kinetic traces at appropriate wavelengths were assembled from the time--resolved spectral data. All measurements were con--ducted at room temperature.
Photoelectrochemical Measurements. Photoelec--trochemical measurements were carried out in a standard two--compartment cell consisting of a working electrode, a Pt wire gauze counter electrode. A KEITHLEY 2400 was used for recording I--V characteristics and photocurrent generation density under an AM 1.5 simulated light source (OTENTO--SUN II, Bunkoh Keiki Co., LTD). For the IPCE measurements, a monochromator (SM--25, Bun--koh Keiki Co., LTD) was introduced into the path of the excitation beam (300 W xenon lamp, Bunkoh Keiki Co., LTD) for the selected wavelength. The lamp intensity at each wavelength was determined using a Si photodiode (Hamamatsu Photonics S1337--1010BQ) and corrected.
EPR Measurements. A quartz EPR tube (internal di--ameter: 4.5 mm) containing a deaerated PhCN solution of ZnPc--graphene 2 was irradiated in the cavity of the EPR spectrometer with the focused light of a 1000--W high--pressure Hg lamp (Ushio--USH1005D) through an aque--ous filter at low temperature. EPR spectra in frozen cy--clohexane were measured under nonsaturating micro--wave power conditions using a JEOL X--band spectrome--ter (JES--RE1XE) with an attached variable temperature apparatus. The magnitude of modulation was chosen to optimize the resolution and the signal--to--noise (S/N) ratio of the observed spectra when the maximum slope linewidth of the EPR signals was unchanged with a larger modulation magnitude. The g value was calibrated with a Mn 2+ marker. Exfoliation of Graphite Flakes. Graphite flakes (200 mg) were placed in a cylindrical vial with 100 mL o--DCB. The mixture was sonicated using a Bandelin Sonoplus Ultrasonic Homogenizer HD 3200 equipped with a flat head probe (VS70T), running at 10% of maximum power (25W) for 15 min and then using a Soltec Sonica 3300 ETH--S3 sonic bath for another 2.5 hours. The ink--like graphene dispersion was centrifuged using an Eppendorf 5702 at 3500 rpm for 15 min and the supernatant collect--ed.
Preparation of ZnPc--Graphene Hybrid Material. Exfoliated graphene in o--DCB (0.13 mg/mL) was treated with ZnPc 1 (6.8 mg, 8 µmol) at 120 °C for 96 hours and then the mixture was filtered through PTFE (0.1 µm pore size) and washed thoroughly with o--DCB, methanol and dichloromethane. The product (11.2 mg) collected from the top of the filter was found to form a stable ink--like dispersion in dichloromethane.
RESULTS AND DISCUSSION
Covalent functionalization of exfoliated graphene sheets is an attractive way of incorporating functional organic moieties with interesting properties directly onto the graphene layer via stable and robust bonds. Especially when a photoactive unit is added, such covalent attach--ment can result in more efficient electronic communica--tion of the photoactive moiety with the graphene part, as opposed to non--covalent interactions. Initially, based on that, exfoliation of few--layered graphene sheets from graphite flakes, in the presence of o--DCB, was achieved after tip--sonication for a limited time period (i.e. 15 min) followed by milder ultrasonication for longer time (i.e. 2.5 h). Then, thermal reaction between exfoliated graphene sheets and ZnPc 1, carrying an alkylamino chain as sub--stituent, resulted in the nucleophilic addition of phthalo--cyanine moieties onto the graphene's basal plane forming ZnPc--graphene 2 (Scheme 1). Hybrid material 2 found to form black solutions in common organic solvents (i.e. dichloromethane, THF, acetonitrile), stable for several weeks, without observing any precipitation, which al--lowed proceeding with spectroscopic studies in solution.
The as--prepared exfoliated graphene sheets have aver--age size (i.e. 650 nm length; 350 nm diameter) and form ink--like stable dispersions in o--DCB. Morphological eval--uation of exfoliated graphene was performed with trans--mission electron microscopy. Although it is obvious from TEM images that identification of the exact number of exfoliated graphene sheets cannot be accurately meas--ured, the absence of large graphitic particles guarantees the efficiency of the exfoliation protocol followed. The presence of overlapping oligolayered graphene flakes, with typical folding and ripple patterns, being few to sev--eral hundred nanometers size in the periphery, are shown in Figure  1a . Imaging of ZnPc--graphene 2 by electron mi--croscopy did not show any alterations on the morphology of the newly formed hybrid material as compared to exfo--liated graphene. The particle size distribution of ZnPc--graphene hybrid material was estimated by dynamic light scattering measurements as the average diameter for the hybrid material is around 750 nm in dichloromethane solution (Figure 1b) . Further insight on the nanosized structure of ZnPc--graphene hybrid material derived from AFM. Analyzing several AFM images, graphene sheets reaching almost 0.5 μm in the lateral dimension, with height of around 3 nm were found. Considering the height of a single graphene sheet to be less than 1 nm and the added contribution from the attached ZnPc moiety, it is reasonable to expect that the obtained images are rep--resentative of single--and/or bi--layers of ZnPc--graphene sheets (Figure 1c) . Obviously, oligo--layered graphene sheets were also present. Raman spectroscopy is a powerful tool for characteriz--ing materials possessing conjugated carbon sp 2 hybrid--ized bonds, such as graphene, due to their intense Raman signals. A detailed micro--Raman spectroscopy characteri--zation was carried out for ZnPc--graphene material 2 and the corresponding spectrum is shown in Figure 2 Intact graphite does not show any significant vibra--tions in the IR spectrum. In contract, in the attenuated--total--reflectance--IR spectrum of ZnPc--graphene hybrid material 2 ( Figure  S1 in the SI), the C--H stretching vibra--tions due to the ZnPc unit were identified at 2850-2950 cm --1 , while the characteristic fingerprint of ZnPc bands were also present at 1045-1610 cm --1 , thus, providing signif--icant support for ZnPc covalently bonded onto exfoliated graphene. The amount of ZnPc covalently anchored onto the gra--phene lattice was evaluated by thermogravimetric analy--sis. Pristine graphite is thermally stable under nitrogen atmosphere up to at least 800 o C. On the other hand, the TGA graph of ZnPc--graphene 2 revealed a 12 % weight loss, in the temperature range of 200--500 °C (Figure 3) , which is attributed to the thermal decomposition of ZnPc covalently attached to graphene sheets. Taking into ac--count that value, the number of graphene carbon atoms per ZnPc unit is estimated, thus giving a functionalization degree of one ZnPc per every 518 carbon atoms, in ZnPc--graphene hybrid material 2. The weight loss occurred above 500 °C, is attributed to the thermal decomposition of defects created at sites where graphene functionaliza--tion took place. Figure  3 . TGA graphs of pristine graphite (black), exfo--liated graphene (grey) and ZnPc--graphene 2 (red), ob--tained under nitrogen.
Steady--state electronic absorption spectroscopy was used to follow the formation of the ZnPc--graphene hybrid material 2. In Figure 4 , the absorption spectra of ZnPc 1 and ZnPc--graphene 2 in DMF are compared. The absorp--tion spectrum of ZnPc--graphene 2 consists of a broad band centered at 683 nm, followed by smaller absorption bands at 612, and 355 nm assigned to ZnPc, while gra--phene contributes to the continuing absorption through--out the UV--Vis and extending into the NIR region. Com--pared to reference ZnPc 1, the absorption of ZnPc in hy--brid material 2 is red--shifted by 2 nm, has lower intensity and appears broadened. These findings based on the op--tical absorption spectroscopy results not only manifest the efficient formation of ZnPc--graphene, but also give sufficient evidence for ground state electronic interac--tions between the two species within the hybrid material (even though any aggregation of ZnPc that may take place would also result in a similar observation), similarly with other studies based on phthalocyanines covalently grafted to carbon nanotubes. Insight of the electronic interplay between ZnPc and graphene in the excited state is derived from photolumi--nescence studies. Upon excitation at 350 nm, the strong fluorescence emission of ZnPc 1 at 686 nm was signifi--cantly quenched by the presence of graphene in the ZnPc--graphene hybrid material 2, when measurements performed with matching absorbencies of ZnPc at the excitation wavelength ( Figure 5 ). The latter observation is indicative of electronic interactions between the singlet excited state of zinc phthalocyanine 1 (ZnPc)* and gra--phene, thus suggesting that photoilluminated ZnPc can transport electrons to the electron accepting graphene sheets, in the ZnPc--graphene hybrid material 2. Deeper insight into the excited--state interaction, the ZnPc emission decays of ZnPc--graphene 2 and unbound ZnPc 1 were examined. The charge--transfer interactions between ZnPc and graphene, as documented from the fluorescence quenching for ZnPc in hybrid 2, should ac--celerate the decay of the ZnPc emission. Thus, based on the time--correlated single photon counting (TCSPC) method the fluorescence lifetime profiles for reference ZnPc 1 were obtained ( Figure S2 in the SI). The analysis of the time profile of the fluorescence decay at 684 nm for the singlet excited--state of unbound ZnPc, measured in DMF, was exclusively monoexponentially fitted, with a lifetime of 2.96 ns. However, no fast decaying component of 1 ZnPc* in ZnPc--graphene 2, corresponding to the quenching of the fluorescence intensity in the steady--state spectra, was observed. Implicit is that the singlet excited--state deactivation of ZnPc in 2 is faster than the time resolution of our instrument (i.e. 50 ps). Then, con--sidering the fast decay value of 50 ps as the upper limit of the actual lifetime attributed to 1 ZnPc* in 2, consistent with the strong emission quenching of ZnPc by graphene as observed in the corresponding steady--state photolu--minescence measurement, the minimum value of the rate constant for charge--separation (k CS ) can be determined as 60 Additionally, it has been reported that ZnPc
•+ also shows an absorption band at 840 nm. 75, 76 This band is known to be broadened by strong π--π interac--tions. 65 Therefore, no observation of the absorption band at 840 nm in Figure  6a together the red shift and broad--ening of the absorption band in Figure  4 suggests strong π--π interactions of ZnPc
•+ with graphene. Although this interpretation has yet to be clearly proven, the time pro--file of transient absorption at 620 nm clearly consists of two steps (Figures 6b and 6c) , 77 which may well be as--signed to the charge separation to form the charge--separated state (ZnPc •+ -graphene
•-) and the charge re--combination, judging from the observation of the charge--separated state by EPR measurements (vide infra). The rate constant of photoinduced electron transfer was determined from mono--exponential analysis of the photo bleaching time profile at 620 nm (Figure  6b To detect the charge--separated state, we measured EPR spectrum of a PhCN glass containing ZnPc--graphene hy--brid material 2 under photoirradiation by a high--pressure Hg lamp (λ > 340 nm) at 77 K. The infrared region was cut off by using a water filter to avoid thermal decompo--sition of 2. A single EPR spectrum was observed at g = 2.0028 ( Figure 7 ). This g value agrees well with that of ZnPc •+ (2.003), 79, 80 which is clearly different from that observed in mechanically exfoliated graphene (2.0045). 81 No signal of graphene radical anion was observed under the present experimental conditions because the gra--phene radical anion may have a very broad signal to be detected or disproportionate between two graphene radi--cal anions on the same sheet to generate diamagnetic species.
82--85 Figure 7 . EPR spectrum observed under photoirradia--tion of a deaerated PhCN glass of ZnPc--graphene hybrid material 2 at 77 K.
The photoelectrochemical properties of ZnPc--graphene 2 were evaluated by fabricating thin films of ZnPc--graphene 2 onto nanostructured SnO 2 onto an optical transparent electrode (OTE) by electrophoretic deposi--tion. A suspension of ZnPc--graphene 2 in THF (∼2 mL) was transferred into a cuvette, in which the two elec--trodes OTE and OTE/SnO 2 were placed and kept at 5 cm distance by a Teflon spacer. Then, application of dc elec--tric field (∼100 V/cm) resulted in the deposition of ZnPc--graphene 2 from the suspension to the electrode surface and the formation of a robust thin film of OTE/SnO 2 /ZnPc--graphene, as documented by discolora--tion of the suspension and the simultaneous coloration of the OTE/SnO 2 electrode. For reference purposes, a thin film of only graphene, in the absence of ZnPc, was analo--gously deposited onto the electrode surface to form OTE/SnO 2 /graphene. Steady--state electron absorption spectroscopy was used to follow the deposition of the ZnPc--graphene hybrid material onto the electrode sur--face. In the UV--Vis absorption spectrum of the OTE/SnO 2 /ZnPc--graphene electrode ( Figure  S3 in the SI) the characteristic ZnPc band is identified at around 610 nm. However, it is found further broadened, as compared with the corresponding band in ZnPc--graphene 2 in solu--tion (cf. Figure  4 ), most likely due to aggregation of ZnPc moieties and/or electronic interactions between ZnPc and graphene.
On the other hand, the OTE/SnO 2 /graphene electrode shows continuous feature--less absorbance in the visible region due to graphene, mirroring the observation registered in solution.
Photoelectrochemical measurements were performed in a standard two--compartment cell, in acetonitrile contain--ing 0.5 M LiI and 0.01 M I 2 as redox electrolyte and OTE/SnO 2 /ZnPc--graphene as working electrode, while Pt wire was the counter electrode. 86--90 The photocurrent response of OTE/SnO 2 /ZnPc--graphene electrode ob--tained under white light illumination (AM 1.5 condition; input power 100 mW·•cm --2 ) is presented in Figure 8 . Evi--dently, the response found to be prompt, steady and re--producible during repeated on/off cycles of the visible light illumination. A short circuit photocurrent density (I sc ) of 20 μA·•cm --2 was measured following the excitation of OTE/SnO 2 /ZnPc--graphene electrode, while blank ex--periments conducted with OTE/SnO 2 produced no de--tectable photocurrent under similar experimental condi--tions. Moreover, the photocurrent action spectrum of OTE/SnO 2 /ZnPc--graphene electrode was evaluated and compared with that of OTE/SnO 2 /graphene (Figure 9) , by examining the wavelength dependence of the incident photon--to--current conversion efficiency (IPCE). The IPCE values were calculated by normalizing the photocurrent densities for incident light energy intensity using the fol--lowing equation:
91--93 IPCE(%) = 100 x 1240 x I sc /(W in x λ), where I sc is the short circuit photocurrent (A·•cm --2 ), W in is the incident light intensity (W·•cm --2 ), and λ is the wave--length in nm. Thus, the photocurrent action spectrum of OTE/SnO 2 /ZnPc--graphene electrode, recorded by using a standard two--compartment cell equipped with a potenti--ostat, shows a IPCE value of 2.2 % at 420 nm which is almost one order of magnitude higher than the corre--sponding value for OTE/SnO 2 /graphene electrode, under the same experimental conditions (Figure 9 ). 93 In this context, the anodic photocurrent observed for OTE/SnO 2 /ZnPc--graphene films indicates electron trans--fer from the photoexcited ZnPc to graphene and high--lights the significance of excited--state interactions be--tween ZnPc and graphene in hybrid material 2 for gener--ating a photoelectrochemical effect.
In brief, the process responsible for the photocurrent generation includes electron--transfer from the photoex--cited ZnPc to exfoliated graphene, followed by electron mediation from the reduced graphene layers to the con--duction band of SnO 2 electrode. Importantly, it is worth mentioning that an IPCE value of only 0.3% was regis--tered for non--covalently interacting ZnPc with gra--phene, 32 thus, highlighting the significant role of having the ZnPc anchored through a stable and robust bond on--to the graphene sheet, for enhancing photoinduced in--trahybrid electron transfer phenomena between the two components and achieving higher IPCE values. 
CONCLUSION
Graphene sheets were exfoliated with the aid of soni--cation in o--DCB. Then, zinc phthalocyanine (ZnPc) was covalently anchored onto exfoliated graphene, forming electron donor--acceptor ZnPc--graphene hybrid material 2. The new hybrid material 2 was thoroughly character--ized with spectroscopic, thermal and microscopy tech--niques. Based on absorption studies, ground state in--trahybrid electronic interactions found to exist, leading to red--shift and broadening of the characteristic absorption bands of ZnPc in hybrid material 2, as compared with the corresponding absorption features of reference ZnPc 1. In addition, steady--state fluorescence emission measure--ments revealed efficient quenching of the characteristic ZnPc emission in hybrid material 2, suggesting the pres--ence of electronic interactions in the excited states. The dynamics of the system were studied by complementary means, including time--resolved fluorescence spectrosco--py, femtosecond transient absorption spectroscopy and EPR, thus, revealing charge--separation generating ZnPc + --graphene − via the singlet excited state of ZnPc. Finally, a photoelectrochemical cell based on the fabrication of ZnPc--graphene as a photoanode onto an optical transpar--ent electrode (OTE) cast with nanostructured SnO 2 films (OTE/SnO 2 ) was constructed. The film of the OTE/SnO 2 /ZnPc--graphene electrode revealed prompt, stable and reproducible photocurrent, while the IPCE value was measured. Overall, this is a promising and lead--ing initiative for hybrid materials combining graphene and photoactive moieties for applications in solar cells.
Note added in proof. During the submission of the current work, we noticed that a similar hybrid material in which metal-free phthalocyanine condensed through a long bridge onto pyrrolidine functionalized graphene was just synthesized and shown the formation of charge-separated states upon photoirradiation.
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